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Immunology SelectThe immune environment in the gut is maintained by the constant exchange of information between immune
cells, epithelial cells, and the gut microbiota. However, when these channels of communication break down
the consequences can be dire—chronic inflammation, infection, or diminished nutrient absorption. This
Immunology Select explores the response of intestinal epithelial cells to pathogens and the signals that recruit
cells of the immune system to the gut during infection and inflammation and in development.
IKK-b Puts the Intestine on the Defensive
Although intestinal epithelial cells are often the first to come in contact with patho-
genic organisms in the gut, their roles in marshalling the immune response are only
beginning to be understood.Working inmice, Zaph et al. (2007) now provide evidence
that the behavior of intestinal epithelial cells is a critical element in mounting an appro-
priate and effective immune response to infection. They show that the specific loss of
IkB kinase-b (IKK-b) in intestinal epithelial cells impairs the clearance of an infection by
Trichuris muris, a nematode parasite that is a model for human whipworm infection.
IKK-b activates the transcription factor NF-kB and is a critical element of the innate
immune response. The authors propose that the primary effect of IKK-b disruption
is to alter the communication between intestinal epithelial cells and the antigen-
presenting dendritic cells, which in turn affects the character of the T cell response.
Typically, the eradication of Trichuris infection requires the differentiation of patho-
gen-specific T helper 2 (Th2) cells. The authors show that intestinal epithelial cells
lacking IKK-b had reduced expression of the cytokine TSLP (thymic stromal lypho-
poietin), which suppresses the production of proinflammatory cytokines by dendritic
cells, thereby promoting differentiation of Th2 cells. Thus, these mutant mice were
unable to clear the infection, and the enhanced production of proinflammatory
cytokines—including IL-12, IL-23, and IFNg— led to severe inflammation. Remark-
ably, blocking these cytokines using monoclonal antibodies restored the Th2 response and promoted resistance
to infection. These finding reveal that NF-kB activation in intestinal epithelial cells regulates both inflammation
and the T cell response.
C. Zaph et al. (2007). Nature. Published online February 25, 2007. 10.1038/nature05590.
The Gut Gets Its Act1 Together
Inflammatory bowel disease is characterized by the infiltration of T cells and
neutrophils into the gut and an increase in proinflammatory cytokines, such
as IL-17. According to recent work by Qian et al. (2007), the adaptor protein
Act1 is a component of the signaling pathway downstream of IL-17 that pro-
motes intestinal inflammation. The authors show that Act1 is recruited to
IL-17 receptor A upon binding of ligand to the receptor. This is an early event
in a signaling pathway that culminates in the activation of NF-kB. Previous
work has shown that intestinal epithelial cells are responsive to IL-17 and
that Act1 is highly expressed in colon epithelial cells. Motivated by these
findings, the authors generated mice lacking expression of Act1 in the intes-
tinal epithelium. They found that these mice were resistant to an experimen-
tal model of colitis (inflammation of the colon) induced by dextran sodium
sulphate. As a potential explanation for this effect, they observed that fewer
neutrophils were recruited to the epithelium in the mutant mice than in wild-
type animals. This is likely due to reduced expression of the chemokines KC
(keratinocyte chemoattractant) andMIP-2 (macrophage inflammatory protein 2) in themutantmice. Interestingly, the
authors present evidence that NF-kB is not the only pathway responsible for Act1-mediated cytokine production.
Future workmay identify these additional pathways downstream of Act1 and determine whether they also contribute
to inflammatory diseases in the intestine.
Y. Qian et al. (2007). Nat. Immunol. Published online February 4, 2007. 10.1038/ni14349.
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Homing in on a Diagnostic Tool for Celiac Disease
Celiac disease is an inflammatory disorder of the small intestine caused by CD4+ T cells that recognize gluten
peptides abundant in wheat and other grains. The gluten peptides are presented to T cells by specific major histo-
compatibility class II (MHC II) proteins, expressed on the surface of antigen-presenting cells. The most common
MHC II protein involved in celiac disease is human leukocyte antigen (HLA)-DQ2. Recently, Ra´ki et al. (2007) created
multimeric MHC-gluten peptide complexes (called DQ2 tetramers) conjugated to a fluorophore and used them to
detect gluten-reactive CD4+ T cells in the blood of celiac patients. Similar approaches have been used to examine
the responses of specific populations of CD8+ T cells to microbial pathogens or tumor antigens. In the Ra´ki et al.
study, celiac patients and control subjects were given a ‘‘bread challenge protocol,’’ eating four slices of bread
a day for three days. Following the challenge, their T cells were analyzed by flow cytometry using the DQ2 tetramers.
Cells that stained strongly with the tetramers were found in the celiac patients but not in control subjects. Further
analysis showed that although these gluten-reactive T cells varied greatly in their expression of differentiation
markers, most of them expressed b7 integrin, which is characteristic of immune cells that home to the gut. Future
work will need to determine the minimal gluten challenge required to observe a diagnostic T cell response and
the accuracy of this assay for diagnosing celiac disease in individuals with suspected gluten intolerance.
M. Ra´ki et al. (2007). Proc. Natl. Acad. Sci. USA 104, 2831–2836.
Mast Cells Take the Indirect Route to T-bet
Mast cells resident in the gut protect against infection by parasites. Now,
Alcaide et al. (2007) show that the transcription factor T-bet is needed for
the homing of mast cell progenitors to the intestine. Previous work identified
T-bet in T cells and showed that it is important for T cell trafficking. The cur-
rent work shows thatmice lacking T-bet exhibit homing defects inmast cells,
but that the effect of T-bet on mast cell progenitors is indirect. Indeed, these
progenitors do not express T-bet. Instead, the homing defect is likely due to
the loss of T-bet in dendritic cells. If wild-type dendritic cells are introduced
by adoptive transfer to mice lacking T-bet, the homing of mast cells is
restored. In mice, mast cells promote the clearance of Trichinella spiralis,
a roundworm pathogen that also infects humans through consumption of
undercooked pork. Surprisingly, mice lacking T-bet are able to effectively
counter Trichinella infection, including the recruitment of mast cells. This
suggests that although T-bet may be needed for the homing of mast cell
progenitors to the gut for maintenance of mast cell populations, additional
pathways exist to ensure robust recruitment of mast cells following infection.
P. Alcaide et al. (2007). J. Exp. Med. 204, 431–439. Published online February 12, 2007. 10.1084/jem.20060626.
RET Signaling Draws Immune Cells into the Peyer’s Patch
Peyer’s patches are concentrations of lymphoid tissue in the small intestine that are focal
points for the surveillance of the gut lumen and its contents. By carefully examining the migra-
tion of hematopoietic cells in the developing intestine, Veiga-Fernandes et al. (2007) discov-
ered that signaling by the RET receptor tyrosine kinase promotes formation of Peyer’s patches.
They observed the movement of a hematopoietic cell population expressing green fluorescent
protein in dissected intestines taken from embryonic mice. They discovered that a subpop-
ulation of CD45+ cells that contribute to Peyer’s patch formation express the RET receptor
tyrosine kinase. Loss of RET signaling is known to disrupt the colonization of the gut by the
neural-crest-derived cells that give rise to the enteric nervous system. Reasoning that RET
might have a similar role in the migration of hematopoietic cells, Veiga-Fernandes et al. exam-
ined Peyer’s patch formation in mice with loss-of-function mutations in RET. In the absence of
RET signaling, Peyer’s patch primordia are not observed at embryonic day 17.5 (when aggre-
gation of lymphoid cells is typically observed in wild-typemice). This is not likely due to a failure
of hematopoietic cells to colonize the gut, as the relevant subpopulation of hematopoietic cells are present in similar
numbers in both mutant and wild-type animals. These findings suggest that the primary defect stemming from the
loss of RET signaling is a failure of these cells to successfully aggregate and thus initiate the formation of Peyer’s
patches. It is interesting that the Peyer’s patches form during a very discrete time window. Future work will reveal
whether enhanced or precocious RET signaling alters the timing of Peyer’s patch formation in the mammalian gut.
H. Veiga-Fernandes et al. (2007). Nature. Published online February 25, 2007. 10.1038/nature05597.
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